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Introduction
As part of the Rel-17 Work Item on Enhancements for Integrated Access and Backhaul for NR [1], 3GPP has agreed to the following RAN1 led objectives:
Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.
This contribution provides measurement and simulation results evaluating the performance of simultaneous operation of child and parent links of an IAB node.
Simultaneous child and parent link operation for IAB
During Rel-16, for in-band operation IAB nodes are assumed to operate with a half-duplex constraint as shown in Figure 1, which means they can only do the following at any given time:
1. Receive on the access link (UE to IAB node) and/or backhaul link (IAB node to IAB node) 
2. Transmit on the access link and/or backhaul link 
[image: cid:image005.png@01D3944D.5F473090]
Figure 1: Half-duplex constraint for IAB in Rel-16
As a result, the frame structure, timing alignment, and initial access/RRM procedures for IAB nodes in Rel-16 focused on so-called TDM operation where either the access link or backhaul link was active in a given time/frequency resources. However in Rel-17 enhancements are considered which extend the resource multiplexing to additional scenarios such as spatial division multiplexing (SDM) and multi-panel Tx/Rx (MPTR) as shown in Figure 2. MPTR is a subset of potential “full duplex IAB” operation where the different panels are used for access and backhaul links in a given slot. Depending on the scenario, MPTR could be extended to support simultaneous operation within a panel, however potentially with stricter interference requirements.
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Figure 2: SDM and MPTR for IAB in Rel-17
One key aspect in evaluating the performance of simultaneous operation of child and backhaul links via SDM or MPTR is the modeling the impact of the self-interference (SI) of the transmit beams of the IAB node (on the same or adjacent panel) on the receive beams sharing the same time/frequency resources as shown in Figure 2. Very few analytical models are available, and even those may not capture all of the relevant aspects related to cellular communication systems, including practical mmWave RF and antenna design considerations. 
The remaining sections provide details on measurement results which can be used to understand the potential impact of SI for IAB nodes and the backhaul link budget, as well as system simulations which highlight the gains of simultaneous operation of child and parent links assuming interference can be mitigated through various techniques described in other contributions [2] [3].
IAB Self-interference measurements

Measurement setup
A multiple phased array based SI measurement setup is shown in Figure 3, with a total of 4 phased arrays arranged in a rectangular orientation. One of these arrays operates as a transmitter and the remaining three arrays are simultaneously receiving. The phased arrays operate in the 28GHz band and the system is placed inside of an anechoic chamber. A known sounding signal is transmitted out of the TX array, and the receivers correlate with the known signal to accurately estimate the received power. The transmit and receive powers are known calibrated at the input to the transmit array and output of the receive array.
[image: ]
Figure 3 Top view of 28GHz phased array based Self Interference measurement system.
Measurement results
Measuring the received power for each pair of transmit and receive beams illustrates whether certain beam pairs lead to higher degrees of self-interference (i.e., less isolation). This is shown in Figure 4, where brighter pixels indicate high interference and darker pixels indicate low levels with approximately 41 dB of dynamic range. Note that the received power shown was not normalized to account for receive-side amplifier gains. Figure 4 suggests that the self-interference across beam pairs follows some pattern/structure and given that measurements of high self-interference are relatively sparse, beamforming approaches may significantly reduce the amount of self-interference incurred when operating in an in a multi-panel fashion.
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Figure 4 Measuring the received power for each pair of transmit and receive beams
Figure 5 plots the cumulative probability of the received power over all measurements for each of the three receive panels. Receiver 2, being faced completely away from the transmitting panel as shown in Figure 3, generally afforded the most isolation. The right tail of the distribution of received power collected by Receiver 1 can be attributed to the sparsity observed in Figure 4. The difference between the distributions of Receiver 1 and 3 is likely due to the slight asymmetry in their array placement within their respective panels.
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Figure 5 CDF of the received power over all measurements
Figure 6 illustrates the directional nature of our measurements by plotting the mean received power for each of the transmit beams at Receiver 1 from the transmitter's perspective. The range is from approximately -66 dBm to -46 dBm the higher received powers on average stem from beams pointing in the left half of space, whereas more isolation is achieved when the transmitting panel steers to the right. This can likely be attributed to the fact the Receiver 1 sits to the left of the transmitting panel, suggesting that some of the directionality in the far-field exists in even in the close proximity between panels.
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Figure 6 Mean received power at Receiver 1 as a function of direction
Observation 1: Multiple factors including antenna array design, beam/panel selection, and IAB node geometry can influence the extent of cross-link and self-interference experienced when non-TDM operation is supported.
Performance evaluations
In this section we provide system simulation results which compare the performance of simultaneous operation of child and parent links under different multiplexing constraints (i.e. SDM vs. MPTR). The system parameters are based on those used during the IAB study item with a carrier frequency of 39GHz and 100MHz system bandwidth shared dynamically between access and backhaul links based on traffic load. The results in Figure 7 illustrate the potential ideal gains in user perceived throughput (UPT) for SDM and MPTR since self-interference is fully mitigated and the frame structure is fully flexible to allow DL or UL transmissions/receptions in any slot based on traffic load. 
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Figure 7: System performance gains of full-duplex IAB vs. half-duplex IAB
As expected, at median and 90% throughput values experience the ideal 2x gain from the flexible frame structure which enables full duplex from the perspective of the IAB node. At the 10% of the UPT CDF and below, the gains diminish as they are mostly impacted by cross-link interference (CLI).
Observation 2: In scenarios where self-interference is mitigated, simultaneous full duplex operation of access and backhaul links within an IAB node provides significant gains over operation with a half duplex constraint.







Conclusion
This contribution provided measurement and simulation results evaluating the performance of simultaneous operation of child and parent links of an IAB node. The following observations were made:
Observation 1: Multiple factors including antenna array design, beam/panel selection, and IAB node geometry can influence the extent of cross-link and self-interference experienced when non-TDM operation is supported.
Observation 2: In scenarios where self-interference is mitigated, simultaneous full duplex operation of access and backhaul links within an IAB node provides significant gains over operation with a half duplex constraint.
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